INTRODUCTION
The Bioconductor Project's suite of genomic analysis software is perhaps the best known and most widely used open-source data processing platform for a wide variety of data sources (Gentleman et al., 2004) , particularly for the analysis of microarray data. Its unique strength lies in the large dynamic community of developers and the constant evolution of novel analytical and statistical techniques, freely accessible to the user community-recent developments include modules devoted to the processing of nextgeneration sequencing data. However, its R-based command line environment can make its usability intimidating for many potential users. BioconductorBuntu aims to bridge this gap by providing in the first instance a user-friendly web-based microarray processing platform utilizing relevant Bioconductor modules, facilitating its installation on a local server by bundling it into a custom Ubuntu linux port. * To whom correspondence should be addressed.
IMPLEMENTATION

Description of functionality
Following connection to the server via a web browser, each user must create an account on the system via the 'Register' link, inputting their relevant details. After registration, the user may upload raw data. Uploaded data are assumed to be in a '.zip' archive, whose data files are unpacked and stored server-side prior to analysis. Currently, a user has three options, to upload Affymetrix ® , dual-or single-dye data. At the time of upload, users creating Affymetrix ® experiments have the option of using Affyprobeminer's remapped CDF files instead of the default Bioconductor files. An entry containing all relevant information is created in the database for the new experiment. Logs of data upload and processing printed to the GUI allow users to monitor this procedure in real time. Assignment of phenotypic information for the dataset follows. For Affymetrix ® data, the GUI requests the user to specify the number of factors for the experiment and the number of levels of each of these factors and names for the levels and factors, and subsequently to assign the appropriate levels of each factor to each array. Design and contrasts matrices are created automatically from this information, allowing great flexibility in experimental design. For dual-and single-dye arrays, currently only experiments with two RNA sources are supported. The GUI then opens up a quality control page. There are a number of visualization options available such as boxplots, histograms, PCA and other diagnostic plots on normalized and unnormalized data, with the most commonly used normalization options available. For dual-and single-dye data, the user may also select which spot types are to be included, if a spot type file was specified at upload, with additional support for within array duplicate spots. Based on these outputs, the user may decide if any of the arrays need to be redone or removed from subsequent analysis. The 'Data Select' link allows the removal of arrays from the dataset. The next step is differential expression analysis. Using Affymetrix ® data, the user has the option of using the limma (Smith, 2005) or PUMA (Liu et al., 2006) packages to perform this analysis. Under limma a number of preprocessing methods, such as RMA (Irizarry et al., 2003) , GCRMA (Wu and Irizarry, 2005) , MAS5 (Hubbell et al., 2002) and custom methods, specifying the steps taken for normalization, background correction, PM correction and summarization, are available. If the user opts to use the PUMA package, data are preprocessed using PUMA's multi-mgMOS method, which implements global median scaling normalization. Differential expression is then calculated using the Probability of Positive Log Ratio method. Because this analysis can be a lengthy process, notification of completion is emailed to users upon conclusion. For dual-dye analysis, the system incorporates all of normalization methods that are available in the Limma package. There are a number of different options for normalization between arrays, normalization within arrays and background correction. All of these options are available at both Quality Control and Differential Expression stages. Single-dye data are normalized using VSN (Huber et al., 2003) as this is the only viable option available to single-dye data within Bioconductor.
Upon completion of differential expression, a ranked gene list, containing metrics such as fold change, adjusted P-values and B-statistic is output to the GUI. This list contains links to gene annotation information, which is retrieved using the Bioconductor package BiomaRt and is dynamically loaded using AJAX. This ranked gene list may also be downloaded as an Excel ® file. Gene Set Enrichment Analysis (Subramanian et al., 2006) has also been incorporated allowing the user to identify significantly dysregulated KEGG pathways based on the differential expression analysis of Affymetrix microarray data. The list of such pathways is outputted in tabular format with links to associated metadata in the KEGG database. All previous analysis, including all files generated, are stored in the users profile for future reference. The user also has the option to download the .Rdata file containing the complete R workspace environment for a particular analysis procedure. This file can be used if they wish to continue analysis from the command line, which may be more flexible in certain situations and useful to advanced users. Users may also manage their account by deleting previous experiments and analyses.
Outline of backend technologies
BioconductorBuntu is entirely based on open-source software which is free to redistribute, use and alter, under standard GPL terms. The server runs on the widely used Ubuntu Linux operating system, and is fully functional on conventional desktop PC systems. For example, an analysis of the Bioconductor supplied estrogen dataset at the +48 h timepoint between low/high-estrogen conditions using limma following pre-processing using RMA took 15.3 s on laptop equipped with an Intel Core2 duo 2.0 GHz processor and 2 GB RAM. The distribution was customized using the open-source script remastersys, allowing modification and saving of a basic Ubuntu installation as a remastered install CD, or as a Debian upgrade for existing Ubtunu installations. All analysis of gene expression microarray data are performed in R, specifically using Bioconductor. Pipelines facilitating the analysis of other microarray platforms are potentially available to the user community by coding additional functionality in R and Python. BioconductorBuntu facilitates such extensibility due to its generalized framework implemented to facilitate the current analysis pipelines. The CGI scripts, which run on the server are written in Python. These scripts handle input and output to and from the xHTML-, CSSand JavaScript-based user interface, as well as writing to and from the database and making calls to R and Bioconductor via the RPy interface. The Apache web server is used and the powerful open-source database MySQL is used to store and retrieve various forms of data. Exim is used as a mail transfer agent and Dovecot as an IMAP server. Imagemagick is used for image manipulation and particularly creating thumbnail versions of image and PDF files.
